Oxalic acid found in higher plants is considered to be formed from acetic acid via glycolic and glyoxylic acids as in the case in certain fungi'' , while it is produced in Aspergillus niger from oxalaeetic acid by oxalaeetic hydrase2 ' Begonia plants contain a large amount of free oxalic acid and oxalic acid oxidizing enzyme.
Thus, the plant appears to be a material suitable for the studies of the above mentioned problems.
In this paper, the results of the studies on some properties of oxalic acid oxidase of Begonia semperflorens are reported.
Material and Methods* Material:
Begonia semperflorens plants grown in standard green house were used as the material.
Preparation of cell-free enzyme: Fifty grams of leaves were washed thoroughly with deionized water and macerated in a mortar with 1/5 volumes of ice-cooled homogenizing medium, such as deionized water, 0.01 M phosphate buffer (pH 5.5 or 7.2), and 0.01 M phosphate buffer (pH 7.2) plus 0 5 M sucrose.
The resultant homogenate was filtered through 2 layers of cheesecloth.
After centrifugation at 400 x q for 3 to 5 minutes, the filtrate was centrifuged at 1,000 to 1,200, 8,000, 10,000 to 14,000, and 24,000 x g, successively.
Each sediment was washed twice with the homogenizing medium.
The washed materials were further dispersed in a glass homogenizer with the homogenizing medium and used directly or after storage at 0° . Sometimes, 10 g of flowering tissues were treated by the same procedure.
Preparation of sonicate of particulate fractions: The 1,000 to 1,200 x g sediments, included mainly whole chloroplasts, and 8,000 x g sediments, including broken chloroplasts ; each of the fractions was submitted to oscillation in a 9-kc Kubota vibrator for 10 minutes, and then centrifuged at 10,000 and 13,000 xg for 10 minutes to separate the extract from the particles.
Preparation of lipase extract of particulate fractions:
The ehloroplast fractions were treated with 5 mg of lipase (Tokyo Kasei Chemical Co.) in 0.01 M phosphate buffer, pH 7.2, per 100 mg of protein, at 30° for 20 minutes or at room temperature for 2 hours.
Thereafter, a clear extract was obtained by centrifugation at 10.000 x g for 10 minutes and the resultant residue was washed with deionized water.
Preparation of DOG and digitonin extracts of particulate fraction:
The ehloroplast fractions were treated with either 0.5% DOC or 1 °o digitonin each in 0.01 M phosphate buffer, pH 7.2, at 30° for 2 hours or at 0 overnight, and the clear extract was separated by centrifugation at 10,000 x g for 20 minutes. Assay of activity of enzyme:
The activity of oxalic acid oxidase was measured by means of a Warburg respirometer at 30°. Reaction medium was made up of sufficient amounts of enzyme materials, 0.5 ml of 0.5 M phosphate or acetate buffer, and 0.2 ml of 0.2 M potassium oxalate in a total volume of 2.0 ml. Controls were run without oxalate.
As intact materials, 100 mg of fresh weight of tissue slices were used. The reaction times were 60 minutes with slice and 10 to 20 minutes with cell-free enzyme preparations.
In several cases, each of FMN, FAD, RF, NaNO3, NaNO and (NH4)2SO4 was added to the above listed medium.
The activity was expressed as Qo2.
Estimation of oxalic acid: An aliquot of each cell-free extract of water-homogenate of various tissues was chromatographed on filter paper (Togo's No. 2) with n-butyl alcohol--formic acid-water (4:1.5:1) combining a spray of 0.2°o bromocresol blue solution, and the color intensity of the oxalic acid spot was determined colorimetrically.
Determination of protein in crude enzyme solution : The determination was made * Following abbreviations are used: Adenosine triphosphate , ATP; Flavin mononucleotide, FMN; Flavin adenine dinucleotide, FAD; Riboflavin, RF; Deoxycholate, DOC.
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Results
Localization of oxalic acid and oxalic acid oxidase: As shown in Table 1 , oxalic acid and oxalic acid oxidase were found in various tissues.
Oxalic acid was largely present in the homogenates of leaves and petals and the oxidase in stigma and stamen.
The various fractions separated from leaf homogenates by the differential centrifugation were tested for oxalic acid oxidase. At the same time, the activity of catechol oxidizing enzyme was assayed as an example of enzyme easily solubilized from the particulate fractions of leaf homogenate18~ . As seen in Table 2 , the washed whole chloroplast fraction obtained from homogenates with deionized water or 0 .5 M sucrose showed the strongest activity for oxalic acid oxidase compared with other fractions. The activity of oxalic acid oxidase appeared to be elevated by the homogenization with deionized water compared with 0.5 M sucrose. On the other hand, catechol oxidizing enzyme was most abundant in the largest particles of 0 .5 M sucrosehomogenate or in the 24,000 x g-supernatant fluid of deionized water-homogenate . In the 0.01 M phosphate buffer-homogenate, both the enzymes were largely localized in the fractions consisting of smaller fragments of chloroplasts.
Effect of sonic vibration: Chloroplasts and chloroplast fragments were subjected to sonic vibration. The treatment resulted in the partial disruption of the particles to small fragments and the partial soluhilization of oxalic acid oxidase. The sum activity of the extract and residue was higher than the activity of the original chloroplasts and their fragments as a result of the disruption to smaller fragments ( Table 3 , Exp. 2).
Effect of lipase : The treatment with lipase of chloroplasts and their fragments Assay condition was of 100 mg acid oxidase in several the same as in Table 1 of fresh weight of leaf
excepting the use slices. brought about the partial solubilization of oxalic acid oxidase and catechol enzyme ( Table 4 ). The sum of activity of oxalic acid oxidase in the extract and in the residue of lipase-treated material was larger than that of non-treated sample. Most of oxalic acid oxidase was precipitated with 100% saturated (NH4)2SO4 from the lipase-treated extract.. Table 4 . Effect of lipase on extraction of oxalic acid oxidase chloroplast fraction.
Deionized water was used as a suspending medium of " Fraction-I Assay condition was 1 he same as in Table  11 from (1,500 x g)". Vol. 76
Effect of DOG and digitonin : Chloroplast fractions were treated with 0.5°o DOC or 1% digitonin in 0.25 M sucrose solution.
Oxalic acid oxidase was more easily extracted with C OC than with digitonin or deionized water ( Table 5) .
Fractionation with (NH4)2SO4: The enzymes were fractionated with (NH4)2SO4 from the supernatant separated by centrifugation at 24,000 x g from the waterhomogenate.
Most of oxalic acid oxidase was found in the fraction obtained with 10% saturated (NH4)2SO4, while catechol enzyme was largely retained in the fraction Reaction of potassium obtained with 50 to 100% saturated (NH4)2SO4. The former enzyme was fractionated with 100% saturated (NH4)2SO4 from the lipase-treated extract of chloroplast fraction. In this case, the precipitates were separated into two fractions by centrifugation at 10,000 x q and 13,00,0 x g from the lipase-treated extract. First sediment was collected by centrifugation at 10,000 x g and second sediment at 13,000 x g. Most of oxalic acid oxidase and catechol enzymes we:e present in the sediment obtained at 10,000 xg ( Table 6) .
Fractionation with acetone: The major part of oxalic acid oxidase was found in the precipitates obtained with 33% acetone from the 24,000 x g-supernatant with a low activity, while a part of the enzyme was precipitated by 50°o acetone with a high activity ( Table 7 ). The enzyme was extracted with 0.01 M phosphate buffer, pH 5.5, from the 33%-acetone precipitate following a secondary precipitation with 50 to 71%-acetone.
On the other hand, most of catechol enzyme was found in the 71% acetone precipitate with the high grade of specific activity.
From the sonic extract of chloroplast fraction, oxalic acid oxidase was precipitated by 50% acetone. Optimum pH: Optimum pH for the oxidation of oxalic acid by various fractions of leaf homogenate was 4.5, and the value was the same either with acetate or with phosphate buffer (Fig. 1) .
Optimum Concentration of Chloroplasts : Under the conditions of the reaction detailed in Table 8 , the rate of oxalic acid oxidation was little affected by varying the concentration of chloroplast in the reaction mixture from 0.25 to 1.5 mg. Stability of enzyme : The activity of oxalic acid oxidase was strongly declined by boiling crude preparation for 3 minutes.
The exposure of the preparation to 30° for 1 hour or to room temperature (about 20°) for 2 hour brought about the partial inactivation, except for in the presence of 0.5 M sucrose ( Table 9) .
Effect of f lavins : The addition of FMN to the suspension of washed chloroplast fraction resulted in the stimulation of oxalic acid oxidase activity , while that of FAD or RF brought about the depression of its activity (Table 10 , Fig. 2 ). RQ value for oxidation of oxalic acid:
The RQ value of oxidation of oxalate by chloroplast fractioc was approximately 2.4 with or without FMN at pH 5.5. The value for endogenous respiration was 2.3 and was dropped to 1.0 by the addition of FMN (Table 10) .
Reactivity with electron acceptors : Methylene blue, 2,6-dichlorophenol indophenol nitrate, or nitrite were not reduced by the chloroplast fraction in the presence of oxalic acid as electron donor under the aerobic and anaerobic conditions. Effect of inhibitors : NaN3(2 x 10-3 M) partially inhibited the activity of oxalic acid oxidase of chloroplasts and solubilized fractions.
The latter fraction appeared to be more resistant to NaN3 (102 M) than the former fraction as regards the oxidation of oxalate.
On the contrary KCN(2 x 10-3 and 10-2 M) stimulated the enzyme activity. Benzoate(10-3 M) and chloropromazine(2 x 10-2 M) suppressed the enzyme activity of solubilized enzyme preparation completely, while acriflavin(2 x 10-3 M) inhibited only slightly. NaNO3(10-4 M) inhibited the enzyme activity completely and NaNO2(10-2 M) did not, while (NH4)2SO4(10-2 M) rather stimulated it (Table 11 ).
Discussion
Oxalic acid and oxalic acid oxidase were found to occur in various tissues of Begonia semperfforens.
Thus, it was unlikely that oxalic acid metabolism was confined to leaves or chloroplasts.
Laties19> reported that oxalic acid oxidase of chloroplasts from spinach leaves was a cyanide insensitive enzyme and produced both hydrogen peroxide and carbon dioxide. The enzyme from spinach leaves indicated the optimum pH of 4.5 and RQ value of 1.4 to 1.5. Arnon and Whatley9 postulated the following reaction routes for the oxidation of oxalic acid in chloroplasts of sugar beet:
1. H2C204 + O2 ----~2CO2 + H2O2 (RQ = 2) 2. 11202 ---~H20+1/202 Sum: 3. H2C204 --1--1/202 ---2002 -I-H2O (RQ=4) Both the consumption of oxygen and the development of carbon dioxide in the presence of oxalic acid and chloroplasts were inhibited strongly by iodoacetamide, 2, 6-dinitrophenol, diethyldithiocarbamate, NaF and weakly by NaN3, NH2OH, and by cyanide.
The optimum pH for this reaction was 5.0. Oxalic acid oxidase from a certain moss was a cyanide insensitive FMN-enzymes' . Also, Finkle and Arnonlo> stated that oxalic acid oxidase of chloroplasts of sugar beet was a flavin enzyme, producing hydrogen peroxide. Flavin enzymes, such as glycolic oxidase, are found in many plants widely.
Oxalic acid oxidase of Begonia leaves had several properties resembling that of spinach leaves: optimum pH of 4.5, cyanide-insensibility, partial inhibition by NaN;~, RQ value of about 2.0, etc. Then, oxalic acid oxidase of Begonia leaves was probably a FMN-enzyme which produces hydrogen peroxide and carbon dioxide according to the reaction routes postulated by Arnon and Whatley9' . The observed partial inhibition by NaN3 may be regarded as the inhibition of catalase followed by accumulation of inhibitory amounts of hydrogen peroxide.
The sensibility of oxalic acid oxidase of Begonia leaves to minimum amounts of nitrate resembles that of moss.
The physiological role of oxalic acid metabolism in plants was not clarified. Arnon and Whatley9' assumed that oxalic acid was concerned with the excess accumulation of anions such as NO3-. The possible role of oxalic acid oxidation may be concerned with nitrate respiration in a way of oxidation of oxalic acid coupled with reduction of nitrate, preventing the accumulation of large amount of nitrate in the cells. In the present studies with the chloroplast fractions, the reduction of nitrate or nitrite was not observed in the presence of oxalic acid aerobically and anaerobically.
But, the possible role of oxalate in the cells as an electron donor in nitrate respiration or as a carbon source giving carbon dioxide remains to be clarified in further studies. Summary 1. Oxalic acid and oxalic acid oxidase were found in various tissues of Begonia semperfl orens .
2. Most of oxalic acid oxidase was associated with chloroplast fractions and a part of the enzyme was extracted by the treatment with deoxycholate, digitonin, or lipase from the particulate fractions.
3. Oxalic acid oxidase was partially purified by the treatment with 50 to 71 per cent acetone and with saturated ammonium sulfate from the crude extract.
4. Optimum pH of 4.5 and RQ value of 2.4 were found for the oxidation of oxalic acid by the chloroplast fractions.
5. Flavin mononucleotide stimulated the oxidation of oxalic acid by the particulate fractions.
6. Activity of oxalic acid oxidase in various enzyme preparations was inhibited strongly by benzoate, chloropromazine and nitrate, and weakly by azide, but not by cyanide.
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